The Cl isotopic compositions and halogen (Cl, F, Br, and I) abundances in 16 phosphates from eight Martian meteorites, spanning most rock types and ages currently 17 available, have been measured in situ by Secondary Ion Mass Spectrometry (SIMS). 18
Likewise, the distribution of halogens has been documented by x-ray mapping. Halogen 19 concentrations range over several orders of magnitude up to some of the largest 20 concentrations yet measured in Martian samples or on the Martian surface, and the inter-21 element ratios are highly variable. Similarly, Cl isotope compositions exhibit a larger 22 range than all pristine terrestrial igneous rocks. Phosphates in ancient (>4 Ga) meteorites 23 (orthopyroxenite ALH 84001 and breccia NWA 7533) have positive 37 Cl anomalies 24 (+1.1 to +2.5 ‰). These samples also exhibit explicit whole rock and grain scale 25 evidence for hydrothermal or aqueous activity. In contrast, the phosphates in the younger 26 basaltic Shergottite meteorites (<600 Ma) have negative 37 Cl anomalies (-0.2 to -5.6 ‰).
27
Phosphates with the largest negative 37 Cl anomalies display zonation in which the rims 28 of the grains are enriched in all halogens and have significantly more negative 37 Cl 29 anomalies suggestive of interaction with the surface of Mars during the latest stages of 30 basalt crystallization. The phosphates with no textural, major element, or halogen 31 enrichment evidence for mixing with this surface reservoir have an average 37 Cl of -32 0.6 ‰, supporting a similar Cl isotope composition for Mars, the Earth, and the Moon. 33
Oxidation and reduction of chlorine is the only process known to strongly fractionate Cl 34 isotopes, both positively and negatively, and perchlorate has been detected in weight 35 percent concentrations on the Martian surface. The age range and obvious mixing history 36 of the phosphates studied here suggest perchlorate formation and halogen cycling via 37 brines, which have been documented on the Martian surface, has been active throughout 38
Martian history.
Introduction 41
The behavior of volatile species on a planetary body is key to understanding its 42 late accretionary history, low-temperature atmospheric/surface chemistry, and by 43 inference, potential for life. The halogens (Cl, with Cl-rich fluids (Shearer et al., 2015) . 120
Allan Hills (ALH) 84001 is a coarse-grained orthopyroxenite. ALH 84001 has a 121 crystallization age of 4091 ± 30 Ma determined by 176 Samples that show no evidence for alteration, secondary processes, and elevation 281 in halogen concentrations can be used to estimate a Martian mantle 37 Cl composition of 282 -0.6 ‰ (Table 1) . In other samples, however, the spread in 37 Cl measured here is larger 283 than can be generated by igneous or hydrothermal activity alone (Chiaradia et al. Table 1 ). This process created the halogen 346 enrichments in margins of zoned phosphates seen in Figure 3A with an isotope composition of 37 Cl of -0.6, the average of SaU 005, NWA 4864, 635
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